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* NOTICES * 
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CLAIMS :!T!::;:;t:::::r::T:;r:TT::::::?:t::t::T::: .. :r:r::::;;::::::::;: 

[ciaim ( i?A semiconductor device characterized by providing the following The 1st semiconductor region 
The 2nd semiconductor region of the 1st conductivity type with high impurity concentration it is formed in 
one principal plane of this 1st semiconductor region, and lower than said 1st semiconductor region The 3rd 
semiconductor region of the 2nd conductivity type formed on this 2nd semiconductor region The 4th 
semiconductor region of the 1st conductivity type with high impurity concentration it is formed in a surface 
field of this 3rd semiconductor region, and higher than said 2nd semiconductor region, Two or more slots tor 
the trench gates formed by having the depth which penetrates said 4th and 3rd semiconductor regions, and 
arrives at said 2nd semiconductor region, A gate electrode which comes to embed a low melting point metal 
in said slot for the trench gates through a gate insulator layer formed in accordance with an inside ot each 
of said slot for the trench gates, and this gate insulator layer 

[Claim 2] Said 1st semiconductor region is a semiconductor device according to claim 1 characterized by 
consisting of a semiconductor region of the 1st conductivity type. j k 
[Claim 3] Said 1st semiconductor region is a semiconductor device according to claim 1 characterized by 
consisting of a semiconductor region of the 2nd conductivity type. 

[Claim 4] A semiconductor device according to claim 1 characterized by coming further to provide a slot for 
trench contact corresponding to said gate inter-electrode formed by having the depth which penetrates said 
4th semiconductor region and arrives at said 3rd semiconductor region, and a contact electrode embedded 
in this slot for trench contact. 

[Claim_5] A semiconductor.device according to claim 1 characterized by_cpming to prepare a dummy 
electrode material between said gate insulator layers and said gate electrodes at least. 

[Claim 6] A semiconductor device according to claim 1 characterized by using a tungsten film, an aluminum 
film, or a kappa film for said low melting point metal. 

[Claim 7] It is the semiconductor device according to claim 5 characterized by using polish recon or a biN 
film as said dummy electrode material. . , , , . 

[Claim 8] A manufacture method of a semiconductor device characterized by coming to have a production 
process which embeds a dummy electrode material through a gate insulator layer in a trench, a production 
process which removes said dummy electrode material embedded in said trench after performing 
elevated-temperature heat treatment, and a production process which embeds a low melting point metal and 
forms a gate electrode in said trench from which said dummy electrode material was removed 
[Claim 9] A manufacture method of a semiconductor device characterized by providing the following The 2nd 
semiconductor region of the 1st conductivity type with high impurity concentration lower than said 1st 
semiconductor region is formed in one principal plane of the 1st semiconductor region. The 3rd 
semiconductor region of the 2nd conductivity type is formed on this 2nd semiconductor region. As opposed 
to a substrate with which it comes to form the 4th semiconductor region of the 1st conductivity type with 
high impurity concentration higher than said 2nd semiconductor region in a surface field of this 3rd 
semiconductor region A production process which penetrates said 4th and 3rd semiconductor regions, has 
the depth which arrives at said 2nd semiconductor region, and forms two or more slots for the trench gates 
A production process which embeds a dummy electrode material in said slot for the trench gates through a 
gate insulator layer formed in accordance with an inside of each of said slot for the trench gates A 
production process which performs elevated-temperature heat treatment to said substrate A production 
process which removes said dummy electrode material embedded in said slot for the trench gates, and a 
production process which embeds a low melting point metal and forms a gate electrode in said slot for the 
trench gates where said dummy electrode material was removed 

[Claim 10] A production process which forms the 5th semiconductor region of the 2nd conductivity type 
with high impurity concentration higher than said 3rd semiconductor region in said 3rd semiconductor region 
before a production process which forms said slot for the trench gates, A production process which 
penetrates said 4th semiconductor region, has the depth which arrives at said 5th semiconductor region in 
said 3rd semiconductor region, and forms a slot for trench contact, A manufacture method of a 
semiconductor device according to claim 9 characterized by coming further to provide a production process 
which embeds said low melting point metal and forms a contact electrode in this slot for trench contact. 
[Claim 1 1] A production process which forms said slot for trench contact is the manufacture method ot a 
semiconductor device according to claim 10 characterized by being carried out to a production process 
which removes said dummy electrode material embedded in said slot for the trench gates, and coincidence 
to said gate inter-electrode. . , 

[Claim 12] It is the manufacture method of a semiconductor device according to claim 10 which is turtner 
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equipped with a production process which forms a barrier metal film before embedding said low melting point 
metal in said slot for trench contact, and said slot for the trench gates, and is characterized by performing 
embedding of said low melting point metal to coincidence to the inside of said slot for trench contact, and 
said slot for the trench gates. « r> a u 

[Claim 13] A manufacture method of a semiconductor device according to claim 8 or 9 characterized by 
using a tungsten film, an aluminum film, or a kappa film for said low melting point metal. 
[Claim 14] It is the manufacture method of a semiconductor device given in either of claims 8 or 9 
characterized by using polish recon or a SiN film as said dummy electrode material. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[The^echnical field to which invention belongs] This invention relates to the trench gate mold MOSFET of 
the third generation (U-MOSFET), and the trench gate mold IGBT (IMGBT) especially about a 
semiconductor device and its manufacture method. 

[Description of the Prior Art] In recent years, as for power metal-oxide semiconductor field effect 
transistor, the further miniaturization, energy saving, low-pricing, etc. are called for from the commercial 
scene. Since it corresponds to such a demand, development of U-MOSFET of the third generation is 
performed. 

[0003] In U-MOSFET of this third generation, research which aims at improvement in the switching 

characteristic by reduction of gate resistance is advanced by replacing with contest phosphorus dope 

polysiiicon used from the former, and using metal for the electrode material of the trench gate. 

[0004] Drawing 6 shows the case where a tungsten (W) is used to an example, as an electrode material of 

the trench gate of U-MOSFET. . 

[0005] As shown in drawing 6 (a) in this case, the gate trench 102,102 is formed in the main surface of the 

semiconductor substrate 101. The above-mentioned substrate 101 is n+. It is n on silicon substrate 101a of 

a mold. - Epitaxial layer 101b of a mold is formed and it has the structure where p mold impurity range (p 

base region) 101c and 101d (n+ source field) of n+ mold impurity ranges were established in this epitaxial 

layer 101 b~ ... V ~. ~ . M 

[0006] The above-mentioned gate trench 102,102 is formed in the depth which reaches epitaxial layer 101b 
from the main surface of the above-mentioned substrate 101. Gate oxide 103,103 is formed in the surface 
of the above-mentioned substrate 101 in the above-mentioned gate trench 102,102, and the trench gate 
electrode (tungsten gate) 104,104 which consists of a tungsten film is embedded in the above-mentioned 
gate trench 102,102 through these gate oxide 103,103 (necessity is accepted and they are (Titanium Ti) film 
/ titanium night RAIDO (TiN) film further). m . 

[0007] However, a tungsten film has the property in which a grain changes, by applying heat, as shown in 
drawing 7 . . 

[0008] Drawing 8 is 900 degrees C in temperature, and shows the stress heat history at the time ot heating 
a tungsten film (stress measurement result) for 30 minutes. 

[0009] Thus, membranous stress changes with heating and, as for a tungsten film, it turns out that it 
contracts (even if temperature falls, it does not return to the original condition). 

[0010] Therefore, when the present manufacture process of using contest phosphorus dope polysiiicon 
(membrane formation temperature of 560 degrees C) for the electrode material of the trench gate tends to 
be applied for example, and it is going to form the tungsten gate 104,104, a tungsten film will also receive in 
** the effect depended like heat processes, such as getter processing (900-950 degrees C). 
[001 1] A tungsten film contracts, a crevice 105 is produced in the gate trench 102,102, or a stress 
difference with the UDO (Un Doped Oxide) film used as the interlayer insulation film which is not illustrated 
becomes large, and a tungsten film separates so that it may be shown as a result (b), for example, drawing 6 



[0012] That is, in the present manufacture process, in order to perform getter processing etc. after 
embedding a tungsten film, as a result of surely performing an elevated-temperature heat treatment process 
800 degrees C or more to a tungsten film, problems, like a crevice is made were in the interior of a trench. 
[0013] , . 

[Problem(s) to be Solved by the Invention] Although gate resistance could be reduced and improvement in a 
switching characteristic could be aimed at by using metal for the electrode material of the trench gate in the 
former as described above, the tungsten film had the problem of a crevice occurring in the gate trench, 
when it was going to apply the present manufacture process, in order to contract, if heat is applied. 
[0014] Then, suppressing generating of a crevice etc., it can reduce gate resistance and this invention aims 
at offering the semiconductor device which can aim at improvement in a switching characteristic, and its 
manufacture method. 

[Means for Solving the Problem] If it is in a semiconductor device of this invention in order to attain the 
above-mentioned purpose The 1st semiconductor region and the 2nd semiconductor region of the 1st 
conductivity type with high impurity concentration it is formed in one principal plane of this 1st 
semiconductor region, and lower than said 1st semiconductor region, The 3rd semiconductor region of the 
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2nd conductivity type formed on this 2nd semiconductor region, The 4th semiconductor region of the 1st 
conductivity type with high impurity concentration it is formed in a surface field of this 3rd semiconductor 
region, and higher than said 2nd semiconductor region, Two or more slots for the trench gates formed by 
having the depth which penetrates said 4th and 3rd semiconductor regions, and arrives at said 2nd 
semiconductor region, It is characterized by coming to provide a gate insulator layer formed in accordance 
with an inside of each of said slot for the trench gates, and a gate electrode which comes to embed a low 
melting point metal in said slot for the trench gates through this gate insulator layer. 
[0016] Moreover, it is characterized by coming to have a production process which embeds a dummy 
electrode material through a gate insulator layer in a trench if it is in a manufacture method of a 
semiconductor device this invention, a production process which removes said dummy electrode material 
embedded in said trench after performing elevated-temperature heat treatment, and a production process 
which embeds a low melting point metal and forms a gate electrode in said trench from which said dummy 
electrode material was removed. 

[0017] Furthermore, if it is in a manufacture method of a semiconductor device this invention The 2nd 
semiconductor region of the 1 st conductivity type with high impurity concentration lower than said 1 st 
semiconductor region is formed in one principal plane of the 1st semiconductor region. The 3rd 
semiconductor region of the 2nd conductivity type is formed on this 2nd semiconductor region. As opposed 
to a substrate with which it comes to form the 4th semiconductor region of the 1st conductivity type with 
high impurity concentration higher than said 2nd semiconductor region in a surface field of this 3rd 
semiconductor region A production process which penetrates said 4th and 3rd semiconductor regions, has 
the depth which arrives at said 2nd semiconductor region, and forms two or more slots for the trench gates, 
A gate insulator layer formed in accordance with an inside of each of said slot for the trench gates is 
minded. A production process which embeds a dummy electrode material in said slot for the trench gates, 
and a production process which performs elevated-temperature heat treatment to said substrate, It is 
characterized by coming to have a production process which removes said dummy electrode material 
embedded in said slot for the trench gates, and a production process which embeds a low melting point 
metal and forms a gate electrode in said slot for the trench gates where said dummy electrode material was 
removed. 

[0018] According to a semiconductor device and its manufacture method of this invention, it can avoid now 
like a heat process after embedding a low melting point metal. It enables this to prevent a low melting point 
metal contracting. 
[0019] " " " 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is explained with 
reference to a drawing. 

[0020] Drawing 1 shows the example of a configuration of the trench gate mold MOSFET of the third 
generation concerning 1 operation gestalt of this invention (U-MOSFET). In addition, the outline plan which 
this drawing (a) sees through a gate trench and is shown, the outline cross section where this drawing (b) 
meets the b~b line of drawing (a), and this drawing (c) are outline cross sections which meet the c-c line of 
drawing (a). 

[0021] This U-MOSFET has the gate trenches (slot for the trench gates) 12 and 12, — , the 
above-mentioned gate trenches 12 and 12 and the trench gate structure where the gate insulator layer and 
the gate electrode material (tungsten film) were embedded and formed in — , on the main surface of the 
semiconductor substrate 1 1 by forming the contact trench (slot for trench contact) 13 and the trenches 14 
and 14 for drawers of the gate of a gate direct contact configuration, and — . 

[0022] The above-mentioned substrate 1 1 is n+. It is n on silicon substrate (1st semiconductor region of 1st 
conductivity type) 11a of a mold. - Epitaxial layer (2nd semiconductor region of 1 st conductivity type) 1 1 b of 
a mold is formed, p mold impurity range (3rd semiconductor region of 2nd conductivity type) 1 1 c and n+ 
which become p base region at this epitaxial layer 1 1b n+ used as a source field It has the structure where 
1 1 d (the 4th semiconductor region of the 1 st conductivity type) of mold impurity ranges was formed. The 
above-mentioned gate trenches 12 and 12, — and the trenches 14 and 14 for drawers of the 
above-mentioned gate, and — are formed in the depth which reaches the above-mentioned epitaxial layer 
11b. 

[0023] Gate oxide (gate insulator layer) 15 and 15 and — are formed in the surface of the above-mentioned 
substrate 11 in the above-mentioned gate trenches 12 and 12, — and the trenches 14 and 14 for drawers 
of the above-mentioned gate, and — . Moreover, these gate oxide 15 and 15 and — are minded, and it is 
polish recon () in the above-mentioned gate trenches 12 and 12, — and the trenches 14 and 14 for drawers 
of the above-mentioned gate, and — . Or the dummy electrodes 16 and 16 which consist of a silicon nitride 
(SiN) film, — , The barrier metal films 17 and 17 which consist of a TiN film, — and the trench gate 
electrodes (gate drawer electrode) 18 and 18 as the tungsten gate which consists of a tungsten (low melting 
point metal) film, and — are embedded. 

[0024] The above-mentioned contact trench 13 is above-mentioned n+ between the above-mentioned gate 
trenches 12 and 12 and — . 1 1 d of mold impurity ranges is penetrated, and it is formed in the depth which 
reaches the above-mentioned p mold impurity range 11c. In this contact trench 13, the contact electrode 
19 which consists of a barrier metal film 17 which consists of a TiN film, and a tungsten (W) film is 
embedded. Moreover, p+ for reducing contact resistance near the pars basilaris ossis occipitalis of this 
contact trench 1 3 The mold impurity range (the 5th semiconductor region of the 2nd conductivity type) 20 
is formed. 

[0025] In addition, for convenience, although the above-mentioned contact trench 13 shows only one to the 
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drawing, it is formed, respectively in two or more contact trenches 13 and 13 and the field where - was 
inserted by each gate trenches 12 and 12 and — , for example. 

[0026] On the surface of the above-mentioned substrate 11, the UDO film 21 as an interlayer insulation film 
is formed through the above-mentioned gate oxide 15. Moreover, the UDO film 22 as an interlayer insulation 
film is further formed in each upper part of the above-mentioned gate trenches 12 and 12 including the 
upper surface of this UDO film 21, — , the above-mentioned contact trench 13 and the above-mentioned 
trenches 14 and 14 for gate drawers, and — . 

[0027] And the source electrode (the 1st electrode) 23 which is connected, for example, turns into the 
above-mentioned contact electrode 19 from an aluminum (aluminum) layer is formed on the 
above-mentioned UDO film 22, and this source electrode 23 is above-mentioned p+. It connects with the 
above-mentioned p mold impurity range 11c electrically through the mold impurity range 20. 
[0028] Moreover, the gate electrode 24 which is connected, for example, becomes the above-mentioned 
gate drawer electrodes 18 and 18 and — from aluminum layer is formed on the above-mentioned UDO film 
22, and this gate electrode 24 is electrically connected with the above-mentioned trench gate electrodes 18 
and 18 and — through the above-mentioned gate drawer electrodes 18 and 18 and — . 

[0029] On the other hand, the drain electrode (the 2nd electrode) 25 is formed in the rear-face side of the 
above-mentioned silicon substrate 1 1a. 

[0030] In this U-MOSFET which adopted the tungsten gate as the trench gate, compared with U-MOSFET 
using the conventional polish recon, gate resistance could be reduced about to 1/5, and the switching 
characteristic (Toff) improved about 30%. 

[0031] Next, with reference to drawing 2 - drawing 5 , the manufacture method of U-MOSFET a 
configuration of having been shown in above-mentioned drawing 1 is explained. In addition, drawing 2 - 
drawing 5 are the cross sections showing the manufacturing process of U-MOSFET corresponding to 
drawing 1 (c), respectively. 

[0032] First, it is n+ as shown in drawing 2 (a). It is n on silicon substrate 1 1a of a mold. - The substrate 
with which epitaxial layer 1 1b of a mold was formed is prepared, after forming the guard ring GR which is not 
illustrated to this substrate, the ion implantation of p mold impurity is performed and p mold impurity range 
1 1 c is formed. 

[0033] Subsequently, after forming EQPR (Equivalent Potential Ring) which is not illustrated, the ion 
implantation of n mold impurity is further performed to the above-mentioned p mold impurity range 1 1c r and 
it is n+. 11d of mold impurity ranges is formed, and let this be the semiconductor substrate 1 1. 
[0034]-And it-is [ as opposed-to / as shown .in drawing-2 (b) / this semiconductor substrate 1 1 ] p+. Form, 
the mask (not shown) for forming the mold impurity range 20, and it anneals by performing the ion 
implantation of p mold impurity in the above-mentioned p mold impurity range 11c, and is p+. The mold 
impurity range 20 is formed. 

[0035] next, it is shown in drawing 2 (c) — as — RIE (Reactive Ion Etching) — the gate trenches 12 and 1 2, 

— and the trenches 14 and 14 for drawers of the gate which is not illustrated, and — are formed in the 
main surface of the above-mentioned semiconductor substrate 1 1 by law etc. The trenches 14 and 14 for 
drawers of the above-mentioned gate trenches 12 and 12, — , the above-mentioned gate at this time and 
the depth of — are n+. 1 1 d of mold impurity ranges and p mold impurity range 11c are penetrated, and it 
considers as the depth which reaches epitaxial layer 11b. 

[0036] Subsequently, after oxidizing thermally the inside of the above-mentioned gate trenches 12 and 12, 

— and the trenches 14 and 14 for drawers of the above-mentioned gate, and — and forming gate oxide 15 
and 15 and — , a polish recon layer is formed in the whole surface. 

[0037] And carry out etchback of this polish recon layer by the RIE method etc., it is made to remain only in 
the above-mentioned gate trenches 12 and 12, — and the trenches 14 and 14 for drawers of the 
above-mentioned gate, and — , and the dummy electrodes 16 and 16 and — are formed. 
[0038] then, it is shown in drawing 3 (a) — as — CVD (Chemical Vapor Deposition) — the UDO film 21 , and 
a BPSG (Boron-doped Phospho-Silicate Glasss) film / PSG (Phospho-Silicate Glasss) film (neither is 
illustrated) are formed in the whole surface by law etc. 

[0039] Subsequently, heat treatment for a getter (getter processing) is performed at the temperature of 
900 - 950 degrees C 

[0040] Next, on this UDO film 21, as shown in drawing 3 (b), while using PEP technology and removing the 
above-mentioned gate trenches 12 and 12, — and the trenches 14 and 14 for drawers of the 
above-mentioned gate, the dummy electrodes 16 and 16 in — , and — , the mask 31 for forming the contact 
trench 13 is formed. If the doubling gap precision (0.2 micrometers) of i line is taken into consideration when 
the above-mentioned gate trenches 12 and 12, — and the trenches 14 and 14 for drawers of the 
above-mentioned gate, and — set trench width of face (result width of face after forming gate oxide 15) to 
0.8 micrometers at this time, the aperture width at the time of that PEP layout will be set to less than 0.3 
micrometers. 

[0041] And as shown in drawing 3 (c), using this mask 31, it etches by the RIE method etc. and patterning of 
the UDO film 21 is carried out. 

[0042] Then, as shown in drawing 4 (a), while removing the above-mentioned gate trenches 12 and 12, 
and the trenches 14 and 14 for drawers of the above-mentioned gate, the dummy electrodes 16 and 16 in 
_ and __ by the rie method etc., using as a mask the UDO film 21 by which patterning was carried out 
above-mentioned ], the above-mentioned contact trench 13 is formed in coincidence. The depth of the 
above-mentioned contact trench 13 at this time is n+. 1 1 d of mold impurity ranges is penetrated, and it is p+ 
in p mold impurity range 1 1 c. It is the depth which arrives at the mold impurity range 20. 
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[0043] In addition, supposing the etching rate of polish recon etches using the RIE system with which the 
etching rate of silicon is [micrometers / // 0.02 ] a second in 0.01 3micrometers /in a second so that it may 
become the depth whose contact trench 13 is 0.5 micrometers temporarily, the above-mentioned gate 
trenches 12 and 12, — and the trenches 14 and 14 for drawers of the above-mentioned gate, and — will be 
etched in a depth of 0.77 micrometers. . 
[0044] Subsequently, as shown in drawing 4 (b), the TiN film used as the barrier metal film 17 is formed in 
the whole surface by methods, such as a spatter. 

[0045] Then, as shown in drawing 4 (c), the tungsten film (W film) 32 is formed on the barrier metal film 1 7, 
and the inside of the above-mentioned gate trenches 12 and 12, — , the above-mentioned contact trench 
13 and the trenches 14 and 14 for drawers of the above-mentioned gate, and — is embedded at 
coincidence, respectively. 

[0046] Next, after performing formation of the mask by PEP technology, rear-face exfoliation, and removal o1 
a resist to the rear-face side of the semiconductor substrate 11, respectively, as shown in drawing 5 (a) 
Using the CMP method, the RIE method, etc., whole surface etchback of the above-mentioned W film 32 and 
the above-mentioned barrier metal film 17 is carried out, and the above-mentioned trench gate electrodes 
18 and 18, — , the above-mentioned contact electrode 19 and the above-mentioned gate drawer electrodes 
18 and 18 which are not illustrated, and — are formed, respectively. 

[0047] Subsequently, after making the UDO film 22 deposit on the whole surface, the mask for forming the 
contact hole connected with the contact hole and the above-mentioned gate drawer electrode 18 which are 
connected with the above-mentioned contact electrode 19 using PEP technology is formed. 
[0048] and it is shown in drawing 5 (b) — as — the mask — following — the above-mentioned UDO film 22 
— Round CDE (Chemical Dry Etching) — it etches by law, the RIE method, etc. and the contact hole (not 
shown) connected with the contact hole 33 and the above-mentioned gate drawer electrode 18 which are 
connected with the above-mentioned contact electrode 19 is formed. 

[0049] Subsequently, after making aluminum film deposit on the above-mentioned UDO film 22, a mask is 
formed using PEP technology. And while etching aluminum film according to the mask and forming the 
above-mentioned source electrode 23 and the above-mentioned gate electrode 24, aluminum layer etc. is 
formed in the rear face of the above-mentioned substrate 11, and the drain electrode 25 is formed. 
[0050] Finally, sinter processing is performed at the temperature of 450 degrees C, and U-MOSFET as 
shown in drawing 1 is completed. 

[0051] According to such a configuration, after forming a tungsten film, the production process which 
performs elevated-temperature-heat treatment of sinter, processing of 450 degrees C or more does not 
exist. Therefore, it becomes possible to prevent change of the stress by the heat of a tungsten film, and 
diffusion of the tungsten film in the silicon section. 

[0052] It enables it to avoid like the heat process after embedding a tungsten film, as described above. 
[0053] That is, before embedding a tungsten film in a gate trench, it is made to carry out 
elevated-temperature heat treatment processes, such as getter processing and annealing. It can prevent 
now that the membraneous quality of a tungsten film changes and membranous stress changes by this. 
Therefore, as a result of becoming possible to prevent a tungsten film contracting, when reducing gate 
resistance by the tungsten gate and aiming at improvement in a switching characteristic, it can stop that a 
crevice occurs or a tungsten film separates in a trench. 

[0054] Also when an elevated-temperature heat treatment process is made to be carried out before 
embedding a tungsten film in a gate trench especially, the routing counter of PEP is the same routing 
counter as the present manufacture process, and the routing counter of PEP does not increase it. 
[0055] In addition, in 1 operation gestalt of above-mentioned this invention, although the tungsten gate was 
explained to the example, not only as this but as for example, a low melting point metal, a kappa (Cu) film, 
aluminum film, etc. can also be used besides a tungsten film. 

[0056] Moreover, it is also possible to use a SiN film as a dummy electrode material, and what is necessary 
is just made to carry out the reconstititution of the gate trench by wet etching in that case. 
[0057] Furthermore, it is applicable not only to U-MOSFET but U-IGBT which comes to use the silicon 
substrate (the 1st semiconductor region of the 2nd conductivity type) of p mold. 

[0058] In addition, of course in the range which does not change the summary of this invention, deformation 
implementation is variously possible. 

[Effect of the Invention] As mentioned above, suppressing generating of a crevice etc. according to this 
invention, as explained in full detail, gate resistance can be reduced and the semiconductor device which car 
aim at improvement in a switching characteristic, and its manufacture method can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing 11 The schematic diagram showing the example of 1 configuration of U-MOSFET concerning 1 
operation gestalt of this invention. 

fDrawing 2] The outline cross section of U-MOSFET similarly shown in order to explain a manufacture 
process. 

fDrawing 31 The outline cross section of U-MOSFET similarly shown in order to explain a manufacture 
process. 

fDrawing 41 The outline cross section of U-MOSFET similarly shown in order to explain a manufacture 
process. 

fDrawing 51 The outline cross section of U-MOSFET similarly shown in order to explain a manufacture 
process. 

fDrawing 61 The outline cross section showing the important section (tungsten gate) of the configuration of 
U-MOSFET in order to explain the conventional technology and its trouble. 

fDrawing 71 The microphotography in which an example of change by the heat of the membraneous quality of 
a tungsten film is similarly shown. 

fDrawing 81 The schematic diagram showing the stress (stress) heat history of a tungsten film similarly. 
[Description of Notations] 
1 1 — Semiconductor substrate 
1 1a — n+ Silicon substrate of a mold 
_1-1 b — n - Epitaxial layer of a mold - - - — 

Eleven c — p mold impurity range 



1 1d — 


n+ Mold impurity range 


1 2 — 


Gate trench 


13 — 


Contact trench 


14 — 


Trench for drawers of the gate 


15 — 


Gate oxide 


16 — 


Dummy electrode 


17 — 


Barrier metal film 


18 — 


Trench gate electrode (gate drawer electrode) 


19 — 


Contact electrode 


20 — 


p+ Mold impurity range 


21 22 


— UDO film 


23 — 


Source electrode 


24 — 


Gate electrode 


25 — 


Drain electrode 


31 — 


Mask 


32 — 


Tungsten film 


33 — 


Contact hole 



[Translation done.] 
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[ig*Ji3] mzm 1 <D¥m&m®te, m2mm,mo 
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tzmktt&mxm 1 iciBts©¥^f*^s. 
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iH5CCsai!j©¥^f*Kgo 
[IS*J18] hW^rttC. y-hteSt^^LT^ 40 

H?ia^5 -sffi^i* s ^*$nfcB?ia h u>*i*i{c{msi 

x -c & £ c i * w®. 1 1 z> ^mw^m.<omm5 : A . 
[s-s*ii9] m 1 (D^m^mmo-^EMic. Miami 
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^^©glffiP.ilKK: . m ten 2 ©ijijg{*M^ J: "3 4>^P 

mim 4 3 o^mftmMzmmi,. Mia^2© 
^.mmmi'cm-r ss^^wit $&© h u > ? y - h 

ffl?»a5£JF5ljrr6XfM£, 

^•n-en©, fiijieh u>?y- t-ffi?8Si3©i*iiHtcvs-3>T 
Buia h u>?y- hffl«gi5i*i«:ti6!)iAin^B!jfa^5 - 

1Bffi«#*4£l£5&-fS:ni£. 

SXfl £ * it a -c & h c t £ i -r l.*5g<*Sg©« 

X?I©BU(C, BUleM3©^f*fli^tC. HUle0 3©^ 

3K*««J: 9 ^^^^IK* 5 ;*^ 5 ^ 2 S^M©m 5 ©¥ 

Buta^4 <D¥mfcm$znmu, mam 3 ©^»«c^«t 

>f3^^F JBi»aiJ*TtM«- SIS £ . " 

•r-5>xfi«, miay- hwnratcwu mrian^>^y 
rsxiiiiai^c^ftonsci^^ssii-rsw^i 0 

[ftJRJM 1 2 ] Biifa KU>?-3>^i7h fflvSgRrtij J; 
^H5ia hffi?#SPF*3tCHtJia<SSj!.^)S ; l:S& 

Huiaffiit^#/i©afeB^«, H?iahu>^=i>i'^h 

JB$aSrt*3<fcD-'H&fE h U>^y- FfflSISRrtCcWUrlS) 
#gg©$S3£^i*. 

[ 3i*ai3] Bufai&ss^ntcw, ^>^f> 

5Ci £ f S 8 £ fctt 9 icfB®©¥®<*^ 

^©Sji^ffi. 

[ss*3 1 4 ] Buiay 5 -mffiW4£ b-ca. 
r£. 

[0001] 



3 

f~35iMOSF ET (U-MOSFET) * b U 
hSIGBT (U-1GBT) tcBB-TS a 
[0 0 0 2 ] 

[fi£*Oft*tS] iS¥. W-MOSFETtt, rU»**6 

[0 00 3 ] C0»3l£tt©U-MOSFETtC*5l> 10 

[OOO4]06tt, U-MOS FETO h U>^y- 
hCDmSW^ibr, ^>^r> (W) «:ffll>/c»& 

[0 00 5 ] C<D»^ fc£*tf06 (a) tc^"T J: 5 
tc % ¥3W*K1R 1 0 1 6Di*ffi«CB. 

02. 1 0 2«?ntl^o llBSSlOUi, n 20 
+ SS©^y3>*fil 0 1 a±0Cn- lOxt'^^>t 
10_l_b»^n, ctDxt**^*^* 1 0 1 
btc pS2^*6ft«« ( p^-X^S) lOlcin+S 
TOWIfeJc (n + V 1 0 1 di^Wc 

[0 0 0 6 ] _hlfi^- h h 1 0 2. 1 0 2^ ± 

lastsi o i©iaiwit^^t;ni o i mc 

2, 10 2F*3<D, UfBSISl 0 l©*MCBy- hKft 

AS10 3, io3^w$n, ctxey- h^tjgi o 30 

3, 10 3 (sMHCfSGT. 3 (T i) I 

Y=7A K (T i N> AS) Sr/rLT. ±IB^ 
-hi- U>?" 1 0 2, 1 0 2rttc«^>^^^>H^^> 

4, 1 0 43WffiaM&*4vri»£. 

[0 0 0 7 ] L/J&>l/tt#&. *>**7->lRH:. 

[ooo8]H8it 9 0 o"c©fflK-c. 30m * 

>^^^>IB*lBl»OfclS©I»*(l!0BIH h U*»C 40 
[0 00 9] CCDct^C, *>^*f->]«ttjjni»lcj:«3 

[0010] *:<DtcZb, tct%.&. V \*Z/*tf- h<om 

mt&tc v > k-?"# y y 3 > (fi£®?aS5 6o°o 

y-H04, l04^Mbd:^1-4i, 
f->Btty?#--«BI (9 0 0-9 5 0'C) fci'CfftX 



^53 2 0 0 1-284587 

[0 0 l l ] *<D*S3£ V /c£*.«HB (b) tC^-TJ: 5 

2. l0 2WcM10 5^4G/cl i*Ul^j:^ 
JiH*fi»ja<httSUDO (Un Doped Oxid 
e) J®<tcD.x h UXi^t< ftot, £>^*r>IS 

[0 0 l 2] ^tfcDltjfi^n-fe^tcfel^ 

(Dis?ajft*afflxg*MTton £ c <t tea suss, m^>^ 

[0 0 l 3] 

[#6^*sj»^LJ:^ i-rSHHl isBL/ci^tc. fit* 

[0014]fCt, CO^Hj(i, «HH<D«£&££fl? 
[0015] 

eat i o^vttttttJ: o t^iffiisaff^fit^ i mmm 
«fc 0 wwaaiBWi*^* 1 iiia0»4©¥i#««t 

<t, B^m4teJ:^»3O*»ft0.«! J &a:iiOv b*ib^ 
2 ©^a»ft«iStc it f & S S 4 W L T JfcfiE 3 ft /c^?&<£> 
hbV^y- hfflStSBi, ^ft^ftO. BulBhU>^y 

[ 0 0 l 6 ] *fc % co»W©***8I©!l!ji*ffi(c 

iT^X^li, sways -«S»»^l*56 3n/cWIB h 

[0017] $6(C S C<D»l8cr>*z»f*i$H<D3SiB^ffi 
^»#««<fcO iWHWBWfit* 1 J«S©*2 0 



00 

5 

mmmom 3 <D¥mmm&Bj& 2 n , c <om 3 <o^m 
mmoimmmmz . m^m 2 co^m&m.® £ 0 *>^« 

Tft£S«K:*tU 8t>a»4feJ:^»3(O^W#««* 

»© f hffl«»4»iat4iii, -en-en 
fcy~httHW*rtu-t, *rEhU>*y-hJB»BBrt 
i»afiMaa!**nsi, we b u bffl*nspi*i 10 

* ftfc t?S2 # 5 - «ffit**4 4 IJ&£ "T 6 IS i , 
H?ffi^5-m»W^^*?n/cf)IE h U>*y- bffl 

[0018] C(D^©*iftSS^J;0^©S^S 
[0019] 

[#£Hjj©jtfl^ff$fig] WT, CCD^<D»fe(D^mco 20 

[ 0 0 2 0 ] m IJi. SttB^HRtCtafr*. ^ 

3"ffift<D b U>^y-FSMO SFET (U-MOSF 
ET) ©«tfltW*7ft-rfc©'C*4. tt*J. liJH (a) « 

y- h h i/>f^ut^i-ww > raa (b) 

(iH (a) <Ob-b*gCCrS5lHBS»rffiia, HB(c) 
0(a) ©c-c»tC»!)«li8BTffiHT*>S. 
[0 02 1 ] COU-MOS F ETB, *®f*S«? 1 1 

©iii^c, y- b b i">* ( b u>^y- 

12, 12, 3>^^FhU>^ (h U>=F:3>£ 30 

wmmn) i3, teitf. y- b#-f b^>£^ 

h*tt©y-h©?|*WLfflH/>?14, 14, 

jKAEsn, xtay-b hu>^i 2. 12. ■••rtccy- 

[0 0 2 2 ] ±E»K 1 1 «\ n + ^<D^ U n >Sfi 
<»1#*S!©*1 lla±*Cn-M<D 
xt'^Vt^l (»l*«S<Z)»2<D*»f*ffl«) 1 
1 b^RSSti. C(Dxtf#**/+,j|/JB 1 1 btep^- 
xgifc ft 4 p STKIMMt (» 2 ^m^co^ 3 40 
WWA) llc£n+ V-"^««ift5n + £E7KttM 
fe3 4 1 1 dt»ffiS 

nfc«3ft«cfto-cfeo, xisy- b b U>^1 2. 1 

2, -t$J:Cf±IBy-h©5l*WUfflhU>^l 4. 1 
4, •■■ti±Kxtf**2*' + Jl'H 1 1 bCca-TiSS'T'JB 

[ 0 02 3 ] XIBy-b M/>f 1 2, 12. -*5<fctf 
±Ey- KD5l*tH0fflhU>^l 4. 14. -f*tfX 
±E*R1 l©*HtCtt. y-HWti b*6S 

M) is. 15. -»is?nti^ 0 s/t, cney 50 
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-bKffcKl5, 15. -^Ut, ±SSy~bbU> 
^12, 12. •■•teJ:tf±Ey-h©3l*fflWBhl'> 
^14. 14. -rttett, d<^>^> (SWi, 
=f>:M h7^K(SiN)H) 3&>6ftS^S-affil 
6, 16. T i N«*>6&5^yr^*J«l 7. 

1 7. teck^\ ^>«r> ((SlB*^Ja) 
^^>yxr>y- b £ It© b U>*y- 

(y- b3I£ttiUM@) 18. 18. -*S8»i&*4rC 

[0 0 2 4] ±IB^>*^ b b U>^ 1 3«, ±E^- 
b b 1 2 , 12. -IBCC, ±En + SITWWWW 

1 1 d^IIL, ±EpSRW»iW*l 1 ctCjl««E 

tt, Ti N«*6ft*^yr-rf*^ill 7. *s«fctf, * 
>^f> (W) lfirt>6&*3>*2 bSSl 9#S«> 
jA^ntl^. */c. CCQ^>£^ b b U->^ i 3Com, 

tenant <»2 risof 5 co^mmm) 2 0 agigia 

[0 02 5] ftfc, ±IB^>^^ b b 13«, ffi 

ifc(D=J>^^ b b 1 3. 13. hhU 

>^ 1 2 . 12. nfc«*8Wtc*ih-en3KflE 3 

[0 02 6] ±ES« 1 1 CDSlffiXCCH ±iay- b^ 
{bMl5 4^L/T, HHU88»iUt©UDOl2 1^ 
7fr&2ftT(,><E>o ^Zc, C©UDOB2 1©±I?:S 

±tay- b b v>?* 12, 12. --\ ±iar3>^^ 

bbW>^13, *3J:0\ ±Ey-b5l*fflL/mbU> 
5F14, 14. -co*±W«:tt, §6^c, nr^itfMi 

uro[)UDOiJi2 2^M?nti^ 0 

[0 02 7] ^bt, _biaUDOfli2 2X&C, ±ia=3> 
5rd? b««l 9tCOft*$&. /ci^l3!. r^5^^A 
(A 1 ) IfreftSV-^I (SIKDmS) 2 3^ffJ 

2 0t^ur, iBpJFF>ttl««i 1 ciWBKS 

[0 0 2 8] *fc. JilBU DOB12 2 X^C, ±E^- b 
31^ffiU^S18. 18, -CCOftASi. /ciift A 

i jB*6as^ b^®2 4«?n, coy- b^ 
S2 4*5, xtey- h^i#fcbo«ts 1 8. is, 
ur, XfBb u>^y- bmffii 8. is, -iaaw 

[0 02 9] —7?, ±IBV 'J ^ >S« 1 1 a ORffifflJCC 

[0030] b u>^y- btc*>y*^:>y- b^S 

ffiLfe*U-M0SFETO«^ fi£*CD^ , ^> , ;=i> 
*ffll>*U-MOSFET*CJ:t^ HtStS* 1 /5 
«K(cffi«r*. X-f^>^«l4 (Toff) *s*^3 0 



(5) 

7 

[0 03 1 ]*CC, H2^H5«:*flRL/T. ±9E<om 1 
tCTSb/cflffiXOU-MO S F E T©Sjfi*ffitCOl^T8» 
ttfe. S2-H5«*n-ttiEll (c) tciam 
T£U-MOSFET (DM iSXfl €r^~T tBrffiH^C * -5 0 

[0032] ST, 02 (a) tC^"TJ:^0C, n + fflCD 
^■Jn>«tRl 1 a±0Cn- ^<Dxt; £^> + ;Wi 1 1 

[0 0 3 3] #Cl>"C, i^lt^^^EQPR (Equ 
ivalent Potential Ring) <DBf& 

^Jtt%cD-r*>aA*ifoTn+ S^Ftt^^tl 1 d£ 
J&SU C 1 It**. 
[0 0 3 4] *t>T, 02 (b) KlijVrJ:^ CO* 
zgftSS 1 ncWLt, p + Sa^tt^SSiS 2 0 ZBf&'lr 

[ 0_0 3 5 ] ^CC, IEI2 < c> &C7jVr*P< . R I E (R 
eactive Ion Etching) S^i'icj; 
0 , ±!2*Sf*Sffi 1 1 ©i^ffitcy- h h 1 
2, 12, •••4tf<fcy c EI^Ot:ir^j:l*y- h©gi*tHLffl 

hu>^l4, 14, -ZBf&lrZ. c<om<D* ±iay 
^hFU>^12, 1 2. -"fccfctfJiiey- hCD^I^W 
Lfflhl^>^l 4, 14, ~ <DM£te* n+S^fittffi 
«1 ldi plWWIil 1 c ifcJKBU it'^ 

[0 03 6 ] ^cp-c, ±gey- h HU>* 12, 12, 

• ••fcJ:2>'±esy-hCD?l#aOfflhU>^l 4, 14, 

•»rt*J»»{bL/T:, rStfbSii 5. 15, 

[0 03 7] ^Lt, COtf'J^U^nfcR I 

:l**^?*1/-C> ±K^- h h 1 2, 

12, -tecttf±K-y-h©5l#lHUfflhU>^l 4. 
14, -rttc©*«lff3*, y^*fil6. 16, - 
ZBf&tZ. 

[0 0 3 8 ] *<Z>fg, H3 (a) SCtjVTJzSK:, CVD 40 
(Chemical Vapor Depositio 
n) i£&£&Ccfc9£ffitCUDOJ82 l*$«fctfBPSG 
(Boron -doped Phospho-Si 1 i 
c a t e G 1 a s s s ) Jffi/P SG(Phospho 
-Silicate Glasss)! (C^fnii^ 

[0 03 9] 9 0 0-9 5 0°CCDSST', y^ 

[0 04 0] S3 (b) CC7js-TJ:5CC, C<DUD 

OI2 1BC, PEPM^ffll^, ±E**-hhU> 50 
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~P12, l 2. -fcJrOLbgfly- h©3i#ffibJB h U> 
*i4. 14, -floya-afiiB, 16, 

©^^3 14MT4. COD*, ±iay-rhU>^ 
12, 1 2. -*jJ:tf±sBy- HOSI^HiLJBb U>* 
14, 14. -tt h U>^t§ (y- hKtftBl 5£ff$ 
)5SL/cti(Df±±Ai«3«> *0. 8umib/ciS^ t itt 

(D^b^-rn«a(o. 2 ^m) twrst, *<dp 

EP»ltD#©raPti«0. 3/imKrti45. 
[004 1]* Lt, 0 3 (c) CC^T<fc0iC. CCD"? 

ot, UDOJS2 1 *A*-->y-T5o 

[0 042] CQfiL 04 (a) CC*rT£n< . ±g2^"£ 
^>^?n/cUDOl2 Uv^^iU^r, R 

I E?£ftc£&cJ:0, ±Ey-hhU>?12. 12, - 
iJcfctfiSay- h©5l*tHOfflh U>^1 4, 14, - 
rt©^5-lil6, 16, -^iit5<!:<!:t)tC, ± 

tsn>*^ v v i»>? i 3 4ia«Fcc»jfi8ra. c<db# 

CD, ±!B=J>£^ h h 1 3©SI3». n+SW 

1 d^gilU pMWMil 1 cf*I<Dp + 

3PRK»««2 o«:areaE3-c*s. 

[0043]^, ^t^3><Dx^>^W h# 
0. 0 2 /im/#t* VUr2>C0"x^^^yu^ h# 
0. 0 1 3 /im/»itt-)tl»SR I EKBiffl^t, 
fgCC, :n>£^ b h 1 3**0. 5itzm<Di£3£& 

&j:^tx^>y£fT^t<t^6<?:, ±gay-bbu 

>f 12, 1 2. -teitfiEy- b£>3I^WUJBb U 
>eM4, 14, -B0. 7 7yin0^5rx^>y 

[0 044] H4 (b) tc^rT 0 tc t Office 

mtcjrtBi&tz. 

[0 04 5] m*m>X. 04 (c) tC^TJ:5CC, * 

©^yr^^^Bli 7±cc*>y^f->BI (WH) 3 2 

*Bf&ls> lE^hhU>?12, 12. ±15^ 

>**b hu>^i 3, *jctcf. ±ey- nogismi/ 
fflM/>^u. i 4. -rt**n*ni3in#octti»ji 

[004 6]»C, ¥9tt31Kl l©«B»JtC*tL. P 
EPt*ffiCC<fcSv**©ff*J& USSUS! U^XKDBft 
S4*ft**tfTr>fcSL 05(a) (<C9jk?£5lZ y CM 
Pmo'Rl EffiSc***!^. ±f2WJg3 2:foJ;i>' 

U>^hS®l 8, 18, -\ ±IS3>^^h^ 
19, fc<fcCf, S^bTl^cC^±ia^- h?i#tHL^tI 

is, is, -i-tn-enjBSt-rs. 

[0047]*C»t, ^ffitcUDOflg2 2^rittS?-li:/c 
PEPRW^fflC^r. ±K:a>** h«ei 9teo 
%/j5^3>^^ h?L*Jcttf±Say- h5l*WU*ffil 8 
CCo^^-z>^>^^ HLZB!8.-*Z>tceb<0'?x?%:Bl& 
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[0 04 8 ] ^LX, 115(b) lcmTX r AC, ^<D^ 
^^tCL/c^oT±IBUDOBi2 2^7 r )>FXDE 

(Chemical Dry Etching) £H*R I 
E?£tt£K<£oTi^>^U ±IB^>^^h^©l 

[0 04 9 ] :X^V, ±IBUD0^2 2±&CA 1 JIM£3i 

RS-rStkifcCc. ±8S8«1 lCDMCCA l«fti**JB 

[0 05 0] S^CC, 4 5 0'COSRtS/>5'-^M 
?f^"C v 0HC^l/cJ:^;U-MOSFET^lS-r 

[0 o 5 l ] coxstemmciktite* ^>^f>l 

* -7" >«fcD4£K ^if^Ci # olffe & ft & . 
[0 05 2 ]"±IBL/cJ:5 0cf £>^*^>JiS£tl<&iA 

[0053] -r&*>**5. h f- U>^rtCC^>^^f- 

£frp x h c £ s 4 o-e* 4 0 
[0 05 4] h h U>^tC^>^XT*>Hg 

£ttL&&t?Bu«:, iSS^JIXg^llJS-r^Jr^^L/c 
W^Cfc, PEP©XS»tt^T©3aifi^OH2Xch|3I« 
OXg&r&D, PEPC0Xgtt*J*9tt»-*Ctfett 

[ 0 0 5 5 ] ±8BLfc**WO— HJSJI5J8tC*y^ 40 

[0 05 6] ^5-«ffi«f4iLTttS i N«* 

flji>aci fester* 0, *©»£«:». 

[0 05 7] 3 60C % U-MOSFET&CPfier, pS 
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<Dls V n >S15 (» 2 ^SSUDSI 1 ^ffl 
[0 05 8] *©flk C©»W©SS*S*.&(,>f&Htc 
[0 05 9] 

[dffi<Z)©^|^BJ] 

[urn zomw-mmmtcfrfrzu-MosF e 

[0 2] 15 fJja^P-feXS:lftqH-rafc»CC7STU 
-MO S F E TCDWgBfiffi0 n 

[(3 3 ] l*JD<, M^^n-feX^iftWr^^^5nru 
-MO S F E TOtKBSKffiH- 

[14] |5id<, aajft^n-fe^*ittwr&ft:fetc^ru 

-M O S F E T CDtKBglRffiElo 

[0 5] 15 D<. aiiS^P-fe^ilttW-r S/ca&tcSrrU 
-MO S F E TOWBgWrffiEI. 

[06] ses^w<b*oiaja**s»B^^s^«)6c, u- 

MOSFET©«J3M>5BS (^>^r>^-h) 
«MS»rl!B: " " 

[07]|hjd<, zytfAf-ymcomwoimcxz^it 

[08]|sJD<, ^>yx-f >KC0JS* (^ h 

[W-^lftW] 
1 i...$iftSg 

I 1 a-n+ ^CDV; 3>St£ 
llb-n - ^CO^h'^ + ^i'^Ht 

I I c -pm^mmm 

1 1 d-n+ m^mmm 

1 b b 
1 3-a>*£ b b 

1 5— y-HWtJI 

i 6- >#$-mm 

1 9--n>^^7 US© 
20-P+ M^F««3«B« 

2 1, 22-UDOI 
2 3-V^Sffi 

2 h«ffi 

2 5- FU-Y>*fi6 
3 1 -vx^ 

3 3-n>^^ h?L 
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